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NON-AQUEOUS POLYPYRROLE COLLOIDS: SYNTHESIS AND
CHARACTERIZATION

S. P. Armesa and M. A Idissi
Nlaterials Science and Technology Division. Los Alamos National Laboratory, P. O.
Box 1663, Los Alamos. Nhl 87545, USA

ABSTRACT

The prepar~tion of sterically-s tabilized polypyrrole colloids \ia a rlisper:lon
polymerization route In non-aqueous media is described for the first time. Pyrrole
polymerization was achieved using FeCll as an oxidant /dopant in organic solvents
such as methyl acetate, methyl forrnate and propyl formate. hl~croscopic
precipitation was prevented by the use of poly (~inyl acetate) as a polymeric
surfactant. Other surfactants, used successfully in aqueous media. were
Incompttlble ●nd consequently resulted in precipitation of polvpyrrole. Sever-l
techniques were used for characterization of the dispersions including transmission
and sctnning ●lectron rnlcroscoples (TE51 and SEhl), therm ogravimetric analysis
(TGA), velocity charge analysis and vlslble absorption spectroscopy. TEN1 indicated
a poiydlsperse spherical morphology with a particle diameter in the range 100-300
nm. The compressed ~ellet conductivity of the rlrled dispersion was 0.1 S/cm.
Thes~ dispersions are often compared w[th aqueous bu!k polyp yrroie and aqueoua
dispersions.

a (-urrent ●ddrcnn is School of (“hcmlstry aild hlnlccular %-icnc~~, t’nitcrsity
of sL~SeW, 13rlghton HNI 9t)J, [’k



1NTRODUCTION

[n the past few years [here hate been several publications on the preparation of
colloidal polyp yrrole particles in aqueous media ~ia a dispersion polymerization
route 11-61. In this approach, the pyrrole monomer is added to a stirred solution

containing FeCl o~idant and a suitable pol}meric surfactan[ such methyl cellulose,
iPOIY (vinyl alto ol-co-acetate), poly (vinyl pyrrolidone) and polv (}inyl pyridine).

The surfactant adsorbs onto the growing polypyrrole chain/particle and prevents
further aggregation by a steric stabilization mechanism. Such systems improve the
processabllity of the normally intractable elect reactive component. I?erentlv, a
method by which polyp yrrole particles prepared in aqueous media and later
transferred into non-aqueous media has been described 161. The present work
describes the prepara[lon of colloidal polypyrrole directly in non-aqueous media.

Initially, several potential advantages were the reason for carrying out this study,

particularly, due to the fact that bulk poiypyrroie powder prepared using FeC13
oxidant in certain organir solvents such as elhvl acetate exhibits highe}

conductivity ●nd air-stability than the ones prepared in aqueous media 17,81. This
is probably due to the incorporation of FeC14- rtither than only (“1- dopant anions
into the poiypyrrole backbone, The highest conduct itities for hulk polvpyrrole
using FeC13 oxidant in organic media are obtnin~d if the oxidan[/monomer ratio is
higher than 2.0 [71. This criterion has been shown to be unnecessary for
polymerization In aqueous media 191.

As far ●s the authors ●re concerned, only diethylether, dioxan, methanol ●nd
various esters permit the prep~rmt~on of po!yp:, rroie having a conduct iv, tv higher

than the unity. Of these solvents, diethyl ●ther does not dissolve many would-be
polymerlc surfactants 1101, while methanol requires very high oxidant
concentrations for useful yields 18,111,

(hr initial ●xperiments using esters such ●s ●th~ I ●cetate or pentvl acetate or
solvent mixtures failed to produce stable dispersions and resulted in macroscopic
precipltatlon, However. we found that the use of tile more poiar methyl acetate.
methyl formato or propyl formate allowed the preparation of stabic coiloidml
dispersions of sub-micronic polypyrrole particles.

The propsratloo of these dispersions wms initially attempted using various
polymeric surfactants that ●ppoarod to be good candidates for the staric
stabilization of polypyrrole psrticlos Of these ~murfactants, hydroxypropyl
cellulose, poly (n-propyl msthacrylste) and poly (vinyl aicohol-co-ace[ ate) (20/80)
yielded an insoluble complex before adding thu monomer. (’eliuloac n!trate, poly
(butyl mcthacrylate), poly (1-ethyl hexyl acryia:e) and polj (hexadecyl
mothacrylatu) were not efficient steric stabilizers ●nd resulted in precipitation of
polyp yrrolo partlcloc, W. found, howe~~r, that u~e of poiy (vinyl ●c~!tatc), referred

to as PVAC, resulted in tho formation of colioidal dispersions of polyp yrrolt.

EXPERIMENTAL

klat~rinls Synthesis:

In a typical experiment I ml of pyrrole was in Jcctcd inln m ~lirrcd ~olutlon
coolainin8 5.47g of Fe(”ll and 1.0 g of PVAC, whos~ mol~cular w~ight Mw Is
266,300 and polydlspersity i~ .1.0, in 100 mi of mclhvl rncrtfife and the
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polymerization allowed to proceed for 15h. at 25*C. The resulting bla~k colloidal
dispersion was centrifuged at 5.900 rpm for 40 min. to produce a black sediment
and a dark super natant. The supernatant was discarded and the sediment washed
several times with 2-3 ml of methyl acetate. The sediment was then redispersed in
methyl acetate by mechanical agitation and ultrasonics. The dispersion was
vacuum-filtered to remove traces of precipitate.

hlaterials Characterization:

Conducti\ ity measurements were performed using the four-probe technique on
compressed pellets of the freeze-dried dispersions. SEhf studies were made on
compressed pellets of the dried dispersion, coated with go!d. using a CA NISCAN
series 4 instrument. TEM studies were made on dilute dispersions dried down on
carbon-coated copper grids using a Phillips EM 400 ins~rument. An average particle
size was estimated by counting at least 100 particles using a DAPPLE image
analyzer. Furthermore, more precise partic!e size determination was done using
Charge Velocity Analysis technique. Visible absorption spectra of dilute
dispersions were recorded on a DU-7 Beckman spectrophotometer. hlicroanalyses
were determined by Gal braith Laboratories. Thermogravimetric Analysis was
performed using a Perkin Elmer TCS-2 instrument.

RESIJLTS AND D1SCUSS1ON

Electron microscopy (TEM ●nd SEM) studies on the dried-down dispersions indicate
in all cases ● polydisperse spherical morphology with a particle diameter in the
range 100-300 nm. In Fig, 1 ●re shown scanning electron micrographs of
polypyrrole dispersions ●nd of bulk polypyrrole, both prepared in methyl acetate,
for comparison. The mlcrugraphs illustrate the typical spherical morphology of the
particles whose diameter is independent of the solvent used in the oxidatlve
poiymerlzatflon process. When Comparedto(hebulkpolymer, polypyrrole colloidal
particles are less than half the size of the former. This result is similar to the one
obtulard ?a,- the ●queous bulk ●nd colloldal dispersions of polyp yrrole, ~he bulk
polvlne,i .ki, !O aggregate in larger particles in the form of large ~lobules or
f]’ “!$. This IS probably due to ,Aa increased Interchain interaction compared to Its

colloidal counterpart in which the polymeric surfactant chains act as a Iimitlng
factor for such ●n Iateractlon. At the moment we do not have an ●xact
●xplanatloa as to why the particles have a wide polydispersity, A more precise
determlastlon of the particle size using charge velocity analysis technique of the
●ccelerated particles has shown (Fig, 2) a trimodal distribution with an average
particle diameter of 225 ~ 75 nm obtained for the dispersions preparcu In 200 ml

methyl ●cetate In the presence of 1,0 g PVAC, S.47 g Fe(’13 and 1.0 ml pyrrole.
Such a measuresneat gave ●n ●verage particle diameter for colloids prepared In
methyl ●cetate, methyl formate and propyl formate in the same experimental
condttloas of 253 ~ 107 am, 276 ~ 9t) nm and 2S9 ~ 82 nm respectlteiy,

The mlcroanalytlcal data ohtalaed for dispersions prepared In methyl acetate ●nd
methyl formote and those of the bulk polymer ●dd up to more than 99% with ●a
oxyten ratio of ●pproximately 10%. This high oxygen content can IM attributed to
the presence of trapped lolv~nt moi~cules ●nd to the oxidation of polvpyrroie
durlag polymerlzatlon, l’he chiorlne/iron molt ratios for buik polymer prepared In
methyl acetate and the coilolds pr~pnrediII mcthyi acctatr ●nd rnethvl forrnatc
under the same conditions ●rt 3,9, 4,2 ●nd 4,b rernpectiveiy, Furthermore, Almsbaucr
spectroscopy measurements has Ih(,wn that the predominant (> 95%) o~idatiou state
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0( iron is +2. Therefor. ?we may assign the iron compound incorporated as [he
dopant anion to be FeC14 ‘- or a mixture of the latter with Cl- anions. However,
additional washing of the dispersions or the bulk polymer with methanol yield a
composition with very little iron (<lo/o), with no effect on the conductivity. This
result indicste~ that doping is attributed mostly to Cl- tinions and tha[ iron does
not play a major role In the doping process.

Regardless of the iron content. room temperature conduct i}i[ies measured using [he
four-probe technique on pellets of the dried-down dispersions vary with the type
and volume of solvent and the initial amoun[ of the polymeric surfactant PVAC
under similar experimental conditions (polymerization temperature and amount of
oxidant), The results are shown In table 1.

TABLE 1: Conductivity of Non-Aqueous Polyp yrrole Colloids

———_. —____ ________________ ____ _____ ._. _ _____ __—____
Solveut

—————__———_ _

methyl acetate

methyl acetate

methyl scetatc

methyl formate

methyl formate

propyl formate

propyl formste

Solvent
Volume (ml)

————— —____

I00

200

200

100

200

200

200

Iveight of
PVAC (g)

—— . -—

t .0

1.0

2.00

I .0

I ,0

1.0

2.0

(’onduc[i}itv
Sicm

1.1 N 1o-1

8.0 w 10-4

6,0 x IO-2

7.5 X IO-6

At Iadlcated ICI table 1, the conductivity decreases when the Inltlal amount of
surfactant Is Iocreascd for ● #lven ●mount ●nd a Clven t~pe of solvent. Thl, 1s due
to so lncr~ased amount of the physically ndsorbed PVAC which Is an Insulmtlug
❑ atcrlal, Addltlonally, diluilon of the reaction components rc~ults In ● decremse of
cooductlvlty regardless of tho polymcrlzatlon time. A probable explanatloli for this
observation 10 that the polycnerlc surfactant chaln~ are phvclcally adsorbed on
polyp yrrolo particles ●t ● faster rate sod therefore In larger relatlvc amounts. It Is
Important to note that the rat? of polypyrrole formation Is Iowercd upon dllutlon.
Amon# the solvents ucod In this oxldatlvc polymerl:atlon, the smaller alkyl radicals
assoclatod with a more polar character of the solvent give bettkr conduct lvltloa.
For comparison, the conductivity of bu:k polypyrrolc prepared In methyl acetate
measures 0.23 S/ctr, which Is In the same range as that of Its colloldal counterpart.

Room temperature couductivlty of the first example In [ahlc I which gavt a

conductivity of 0.1 I S/cm waa monltorcd upon rxposuic to air. ‘1’h~ rrnducllvlly

nteamtrcd mfter .! months wag 0,067 S/cm, (1.O$E S/cm after 6.S monthn and 0.039
S/cm ●fter 9 mocttha. Such ● trend In varlatlon of (.onductlvlty upon cxpnsurr 10
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air is similar to polypyrrole colloids prepared in aqueous media and to the bulk

polymer prepared in aqueous or non-aqueous media using FeCll as the oxidant.

The maximum absorption observed in the optical spectra of [he }arious colloids is

in the range 460-480 nm depending on the polymerization sol~ent. This is typical
for polypyrrole synthesized using the }arious techniques and reaction media.
Because optical absorption is an intrinsic property of the conjugated chain, cptical
absorption characteristics of the colloidal dispersions suggest Ihat the average
length of the conjugated segments of polypyrrole chains is basically unperturbed hy
[heir sy~!hesls In the form of a colloid. The same conclusion can be made for
polypyrrole colloids synthesized in aqueous media. Therefore. the lower
conductivity measured for the non-aqueous colloids compared to their aqueous
counterparts or the bulk polymer is due [o the na[ure of the sol}ent and its role In
the polymerization process.

Therrrtogravlmetrlc anslysis (TGA) W~S done OTI tile colloids prepared in the various
solvents, Thermograms of the colloids prepared in methyl acetate and methyl
formate and that of [he aqueous polyp yrrole colloid prepared In the presence of
poly (vinyl ●lcohol-co-acetate) are shown in Fig. 3 to illustrate the thermal

stablllty of the materials. Although there are different transitions in the thermal
degradation of the non-aqueous collolds, the overall behavior is similar in that the
weight loss Is comparable at the same temperatures. The weighl loss in the case of
the ●queous collold foliows ● similar trend, but with a smoother curve. too that of
the non-aqueous ones. In s11 cases thermal degradation starts ●bove 60 C. This
process. when It Involves weight loss, Is usually accompanied by a decrease In
conductivity of conducting polymers In general,

CONCLUSIONS

We have demonstrated for the first Ilme [hat colloidal dispersions of polypyrrole

cam be synthesized in or~anlc solvents that have a sufficient polarlty to dissolve the
apprctprlate polymarlc surfactant. However, lower conduct lvltlts than for the
aqueous collolds rnre obtained. This shows that the solient plays ●n Important role
In the polymerization process, The polydlsperse spherical morphology could also be
duo to tho solvont since the same beh~vlor Is not observed In aqueous media.
Furthormoro, non of these collolds are film-formiau, The oxidant used In :ist
polymerization process must be cornp~tlb[ewith the polymeric surfactant. Becauso
of this compbtlblllty, ot~ly PVAC was found to yjeld ~table dispersions of
polypyrrolo, For the same reason, only FQC13 could be used ●s an oxidant. An
attempt to use CU(CIC4) , 6H20 In acetonltrlle In the presence of PVAC ●t or
b~low room temperature ?ailed aod resulted in the preclpltatlon of polyp yrrole dttti
to the high rate of reaction.
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FIGURE CAPTIONS

Fig. 1

Fig. 2

Fig. 3

Scanning ●lectron mlcrographs of (a) bulk polypyrrole and (b) polypyrrole
collold, both prepared In methyl acetate.

Particle radius distribution of colloidal polypyrrole prepared In methyl
acetste determined by uharge velocity ●nalysis technique.

Thermogravlmetrlc analysis
formate, (b) methyl ●cetate

of collold~l polyp yrrole prepared In (a) methyl
●nd (c) water.
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